Background: Term nulliparous women have the greatest variation across hospitals
| INTRODUCTION
Cesarean birth has increased steadily for several decades in the United States across all gestational ages, maternal ages, and racial groups. [1] [2] [3] The women with the highest variation in cesarean rates are nulliparous with term gestation of a singleton fetus in vertex presentation. Cesarean births in low-risk nulliparous women most often occur for rather subjective clinical indications such as labor dystocia or nonreassuring fetal status. 4 Intrapartum decision-making therefore contributes strongly to the wide hospital-specific variation in cesarean rates. 5 Although cesarean birth is a relatively safe procedure with extremely low maternal mortality, morbidity after primary cesarean and in subsequent pregnancies is concerning because of increased wound complications, deep vein thrombosis and pulmonary embolism, bladder injury, obstetrical hemorrhage, placenta previa/accreta, and cesarean hysterectomy. 6, 7 In addition, there is growing recognition of risks to offspring born by cesarean, such as short-term respiratory compromise requiring neonatal intensive care (NICU) 8 and long-term increased reactive airway disease, diabetes, and obesity. [9] [10] [11] Although cesareans in the United States have decreased slightly since 2009, 3 in a recent worldwide analysis of cesarean births by large United Nations geographical areas, only the Latin America region had higher overall cesarean rates than North America. 12 A first cesarean birth contributes substantially to the overall cesarean rate, as most women subsequently have planned repeat cesarean birth. 13 With 10-fold variation in cesarean rates across United States hospitals, 5 identifying changes in care delivery to prevent a first cesarean is an important quality goal. Certified nurse midwives (CNMs) have been found to use fewer intrapartum medical interventions compared with obstetricians (OBs) and may achieve higher rates of spontaneous vaginal birth without increased complications, [14] [15] [16] [17] [18] but
CNMs currently attend <10% of births in the United States. 19 Although many trials comparing labor outcomes by provider type have been conducted in other countries, 14 the data on associations between provider type and cesarean risk in the United States are more limited in design and scope. 15, 16, 18, 20 Given the unique circumstances of the population and health care in the United States, additional studies are needed to inform obstetric management and health policy. We used a prospectively collected perinatal database of all deliveries in a United States academic medical center where CNMs care for nearly half of all laboring women to evaluate the relationship between provider type and other demographic and management factors on the outcome of unplanned cesarean birth. We estimated the risk of unplanned cesarean birth by provider type (OB or CNM) in healthy, spontaneously laboring nulliparous women at term gestation with a singleton, vertex fetus. We hypothesized that OB provider type is associated with more frequent unplanned cesarean birth and with increased use of intrapartum interventions, including artificial rupture of membranes, neuraxial anesthesia, synthetic oxytocin administration, and amnioinfusion.
| METHODS

| Study population
We conducted a retrospective cohort study using the University of Colorado Perinatal Database, which contains data abstracted by trained research assistants from the hospital chart and from patient interviews for all births occurring at the University of Colorado Hospital labor and delivery unit between October 1, 2005 and December 31, 2012 (total n = 22 593; Figure 1 ). Inclusion criteria were as follows: nulliparity, singleton fetus in vertex presentation, term gestation (37 0/7 through 41 6/7 weeks based on certain first day of last menstrual period and/or first-trimester ultrasound), maternal age 18 through 40 years, and spontaneous onset of painful contractions with progressive cervical change before admission for birth. Women were excluded for the following, in order: intrauterine fetal death, major fetal anomaly (chromosomal or ultrasound evidence), intrauterine fetal growth restriction, planned cesarean birth, prolonged premature rupture of membranes (>24 hours before birth), low amniotic fluid (anhydramnios or oligohydramnios), severe maternal co-morbidities (cancer, major cardiac disease), chronic or gestational hypertension, preeclampsia, and pregestational or gestational diabetes. We excluded women who self-selected care from a private midwifery group or family practice group, as these practices attracted women with different demographic characteristics and used different practice protocols than regular staff CNMs or OBs. Those women missing medical record numbers or information needed to calculate maternal birth body mass index (BMI) were also excluded. Although BMI ≥30 kg/m 2 is linked to a range of comorbidities 21 and to cesarean birth, 22 we retained healthy women with BMIs in this range for our sample with the rationale that in a contemporary population, higher maternal BMI is common. 23 We excluded women with major comorbidities, and examined the distribution of more minor comorbidities in our provider-defined groups. We conducted a priori sample size calculations, estimating a target of 547 subjects per group (α = 0.05, power = 0.80) to distinguish a 10% absolute risk difference between provider types with a baseline cesarean birth rate of 15%. 1 The Colorado Multiple
Institutional Review Board approved the study (#14-0557).
| Study variables
To confirm perinatal database accuracy, we compared all values of the study variables with the medical record for 348 randomly selected subjects (26%) and found >98% agreement. Provider type was confirmed in random chart review and by comparison to a separate CNM birth data set. We found no errors for provider assignment or mode of birth. All CNMs and OBs caring for women in this analysis were hospital staff. Providers in other, nonhospital group practices or private practices were excluded. In this health system, most low-risk women calling for a first prenatal visit are scheduled in the next available appointment with either a CNM or OB. In addition, some low-risk women receive care in community clinics based on proximity to the patient's home; these clinics are staffed by either OBs or CNMs, and the delivering provider type at our hospital is the same. Although OBs care for all women with complicated pregnancy, we limited our cohort to healthy, low-risk women. CNMs and OBs at this hospital use the same institutional protocols and have common nursing staff, and CNM practice is independent unless complications arise for which OB consultation is requested. Both CNM and OB practices include trainees. Although operative vaginal births and cesarean require transfer of care during labor from CNM to OB, we analyzed by original provider type only.
Among other variables in the data set, maternal race and ethnicity were self-reported. Maternal prepregnancy BMI was F I G U R E 1 Subject selection flowsheet: Application of inclusion and exclusion criteria for cohort determination. UCPD, University of Colorado Perinatal Database; OB, Obstetrician; CNM, Certified Nurse-Midwife calculated using height and weight before pregnancy or in the first trimester, then classified by World Health Organization criteria. 24 In addition, we calculated maternal BMI at the time of hospital admission for labor (maternal birth BMI). 25 Maternal birth BMI incorporates gestational weight gain, thus better reflecting maternal physiology during labor compared with prepregnancy BMI. [25] [26] [27] Gestational age at birth and neonatal birthweight (proxy for estimated fetal weight) were obtained from the birth summary. We obtained data on labor complications of intrapartum fever (>38.0°C) and chorioamnionitis (diagnosed and treated intrapartum with antibiotics per medical record), and on labor interventions, including artificial rupture of membranes, neuraxial anesthesia (epidural or combined spinal-epidural), synthetic oxytocin administration, and amnioinfusion. Data regarding labor duration by provider type were not available. Maternal composite adverse outcome was positive if either 3rd/4th degree perineal laceration or postpartum hemorrhage occurred (≥ 500 mL provider estimated blood loss after vaginal or ≥1000 mL blood loss after cesarean birth). Neonatal composite adverse outcome was positive if any one of the following was present: Apgar <7 at 5 minutes, NICU admission, positive pressure ventilation, or respiratory distress syndrome. A combined maternal and neonatal adverse outcome composite was positive if any one of the maternal or neonatal adverse outcomes was present.
| Statistical analyses
To characterize the entire population, we calculated proportions and unadjusted odds ratios for provider type and birth outcome by maternal, pregnancy, and neonatal characteristics, and labor complications, interventions, and outcomes. Next, we constructed multivariate logistic regression models for unplanned cesarean birth, oxytocin augmentation of labor, neuraxial analgesia in labor, and operative vaginal birth, while adjusting for maternal and pregnancy characteristics that were significantly associated with provider type in unadjusted analysis. We performed all analyses using SPSS (Version 23.0, 2015) with significance set at P < .05 for both the Wald chi-square test (coefficient-level significance) and the overall model (likelihood ratio chi-square test).
| RESULTS
Among the 22 443 births assessed for inclusion, only 3072 (13.7%) were to healthy, low-risk laboring nulliparous women at term gestation with a singleton vertex fetus. Of these, 1339 received care from the prespecified OB (749) and CNM (590) groups ( Figure 1) . A small group of these low-risk women received care at outlying community clinics and labored with the same provider type who saw them during pregnancy, but subgroup analysis showed no differences in mode of birth for these patients compared with those assigned to the "next available appointment." The majority of women in the entire cohort (Table 1) were white, non-Hispanic, and married or partnered. The mean maternal age was 25 years, and 65.7% of women had normal BMI at pregnancy onset. Three-fourths received neuraxial anesthesia during labor, and 10.8% of births were complicated by fever or chorioamnionitis. Half of the women had artificial rupture of membranes, and 41.1% received synthetic oxytocin augmentation, but only 4.3% had amnioinfusion. Most pregnancies (64.7%) ended during the 39th or 40th gestational week, and 94.5% of birthweights were normal. Among vaginal births, 10.3% were by vacuum or forceps. Care was transferred from CNM to OB for 16.8% of all CNM births for either operative vaginal birth (30/590 of CNM births) or cesarean (69/590). There were no transfers from OB to CNM.
The rate of cesarean birth was low (13.4% overall), but consistent with a lower cesarean rate among all women at our institution (25.5%) compared with the United States average (>32% during the study timeframe 20 ). Although cesarean birth was more frequent in the last year of data collection (2012), there was no difference by provider type (Table S1 ). The rate of cesarean birth was higher for women who received care from OBs (14.7%) compared with CNMs (11.7%, absolute difference 3.0%, relative difference: 25.6%), but this difference was not significant in unadjusted analyses. The primary indication for cesarean was dysfunctional labor progress (61.5%). In a separate analysis examining characteristics associated with unplanned cesarean birth in our cohort, we confirmed previously reported risks for cesarean, including black race, maternal birth BMI ≥30 kg/m 2 , women with gestational ages > 41 weeks, neonatal birthweight > 4000 g, maternal chorioamnionitis, neuraxial anesthesia, oxytocin augmentation, and amnioinfusion (Table S2) .
| Factors associated with provider type in unadjusted analysis
Factors associated with provider type in unadjusted analysis are shown in Table 1 . Women cared for by OBs were significantly more likely than those cared for by CNMs to be white, married or partnered, and older. Women cared for by OBs were also more likely to receive neuraxial anesthesia and synthetic oxytocin during labor, and to end labor with an operative vaginal birth, but there was no difference in artificial rupture of membranes or amnioinfusion by provider type. Women who received CNM care were significantly more likely to be black, Hispanic, and younger, reflecting the nonrandomized provider assignment by next appointment scheduling or geographic catchment area in our hospital system. Women in the CNM group were also admitted for delivery at later gestational ages (>41 weeks). 
T A B L E 1
Unadjusted odds ratios for maternal, pregnancy, labor, and birth characteristics by provider type in cohort of low-risk laboring nulliparous women, Colorado, United States, 2005-
| Factors associated with labor interventions and mode of birth
Adjusting for maternal and pregnancy factors that were significantly associated with provider type in unadjusted analysis (Table 1) , unplanned cesarean birth was associated with OB provider type ( 
| Adverse birth outcomes
We examined unadjusted associations between unplanned cesarean birth and maternal and neonatal adverse outcomes (Table 3) . Unplanned cesarean birth was associated with postpartum hemorrhage and all neonatal adverse outcomes. Unplanned cesarean birth was also associated with both composite neonatal and composite overall adverse outcomes. T A B L E 1 (Continued) When examined by provider type, none of the maternal or neonatal adverse outcomes were significantly associated with care by a particular type of provider. We then calculated composite adverse outcome scores and examined each against provider type, but saw no significant relationships in unadjusted analyses (Table 3 ) or in analyses that adjusted for the same maternal and pregnancy variables used in the mode of birth analysis (results not shown).
| DISCUSSION
We found a small group of women comprised the low-risk population of laboring nulliparas with a singleton, vertex fetus (~14%), and that OB care of women in this cohort was associated with increased risk for unplanned cesarean compared with CNM care in adjusted models. Women cared for by OBs had more frequent use of neuraxial anesthesia and oxytocin augmentation. The increased risk of unplanned cesarean in women cared for by OBs compared with those who had CNM care was present despite OB providers' use of operative vaginal birth more than twice as often as CNMs. Although women cared for by OBs were less likely to be black or at late term gestation (>41 weeks), both independently associated with unplanned cesarean birth, 1,28,29 after adjustment, a significant association between OB provider type and cesarean birth, neuraxial anesthesia, oxytocin augmentation, and operative vaginal birth remained. Importantly, the decreased risk of cesarean birth in the CNM group was not at the detriment of adverse maternal or neonatal outcomes, although this study was not powered for those analyses. The high rate of cesarean birth in the United States is a persistent health care quality issue, despite ongoing efforts to increase vaginal births. 2 Maternal safety is a key consideration, but retrospective data also suggest that cesarean birth may developmentally alter long-term health in offspring. Infants delivered vaginally have reduced risk of respiratory distress syndrome, transient tachypnea of the newborn, type 1 diabetes, and childhood obesity. [8] [9] [10] Among the healthy laboring nulliparous women in our study, the proportional risk of unplanned cesarean was 25% lower in women managed by CNMs compared with OBs. The optimal total cesarean rate for best maternal and neonatal outcomes is estimated at 10%-19%, roughly half the current total United States rate. 30 Although our data collection (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) predates publication of national guidelines for labor management to prevent primary cesarean birth, 31 our cesarean rate of 13.4%
was substantially lower than rates for low-risk women in 2015, after guidelines were published (25.7% in the United States, 20.6% in Colorado). 1 Since adverse maternal and neonatal outcomes were significantly associated with cesarean birth as seen in other studies 6 and not with provider type, labor and birth models that increase CNM care for low-risk women may most favorably balance the competing issues of maternal and neonatal risk during childbirth. The protective influence of CNM provider type on the risk of unplanned cesarean birth in low-risk women has been reported in other countries, and in some United States observational studies. 15, 32, 33 Collaborative practice between CNMs and OBs is proposed as a strategy for high-quality, cost-efficient pregnancy care, 14 and our study supports that model. In order to accurately characterize the contribution of provider type and intrapartum management to unplanned cesarean, high-quality controlled trials in the United States are warranted. Recognizing that it may be difficult to enroll women in trials that decrease their autonomy in provider choice, such studies may not be feasible. Alternatively, trials comparing the effects of different bundles of prenatal or intrapartum care on birth outcomes by all providers could be used to guide United States pregnancy care. Health services investigations are also needed that contrast different models of care, unit protocols, and care guideline implementation at the hospital and system levels. Our finding that neuraxial anesthesia and labor augmentation with synthetic oxytocin were significantly associated T A B L E 2 Unadjusted and adjusted odds ratios of labor interventions and mode of birth in low-risk nulliparous laboring women cared for by obstetricians (OB) (n = 749) compared with certified nurse-midwives (CNM) (n = 590), Colorado, with cesarean birth and in adjusted analysis with provider type has implications for clinical practice by all provider types. In our data set, we were unable to determine if oxytocin augmentation or neuraxial anesthesia was associated with shorter labors. However, it is possible that more strict definitions of labor arrest disorders than are recommended today 31 may have altered provider expectations for labor progress and patterns of labor intervention use when our data were collected. We were also unable to ascertain how the order of these interventions may have changed labor progress or risk for cesarean birth. Finally, we could not examine how maternal characteristics associated with cesarean birth (race, ethnicity, marital status, age, and gestational age) may have changed labor progress. However, given our finding that maternal characteristics were more important than provider type in predicting birth outcomes, perhaps care by midwives is especially important for nulliparous laboring women with maternal risk factors for cesarean birth. 
| Strengths and limitations
Our study has several strengths, including a large cohort from which we selected a low-risk sample, prospective collection of both maternal and neonatal data, and intention-to-manage analysis. We analyzed associations between provider type and an extensive list of maternal and pregnancy characteristics known to predict labor difficulty, 13, 22, 28, 29 and included any maternal characteristic found to be significantly related to provider type in all adjusted models. Furthermore, we chose to examine only laboring women because we conjectured that labor management choices might show the greatest effect in women who did not initially require labor induction. Selection bias was reduced by excluding those women who we knew self-selected CNM care from a private group. There was no loss to follow-up, as data were collected around the admission for labor and birth. Women in this study gave birth with different providers within a single institution during the same time period, eliminating confounding as a result of highly variable institutional or chronological factors. Furthermore, the robust CNM practice in this hospital made comparisons by provider type less likely to be dominated by a predominant provider culture. The study has some limitations. First, this is a retrospective investigation, and there may be unidentified enrollment bias. We cannot identify women in this sample who may have self-selected provider type, though this is a rare occurrence for these low-risk nulliparous women in our system, who are typically assigned to providers nonsystematically or by the geographic catchment area of their community prenatal clinic. We had no data for the unknown number of women who started prenatal care within our system but ultimately delivered at another hospital. We were unable to discriminate the effect of prenatal care vs intrapartum management by provider type. Although we met our a priori sample number, the lower overall cesarean birth rate at our institution limited the study power. Post hoc power calculation, using the actual rates of unplanned cesarean in this cohort was 0.6; a total of 999 subjects per group would be required for 80% power and P < .05. This study was not powered to detect adverse maternal and neonatal outcomes by provider type, and we have no long-term information on maternal or neonatal outcomes. Finally, although we collected data for many characteristics, important labor management variables (eg, intravenous antibiotic dosing, total dose and duration of synthetic oxytocin administration, labor duration) were not available.
| Conclusions
Overall, our findings suggest that provider type, vis à vis intrapartum management style, is an important potentially modifiable factor to reduce unplanned cesarean birth in low-risk, laboring nulliparous women. The United States health care systems could benefit by more fully incorporating CNM-OB collaborative models of care to possibly decrease cesarean rates in nulliparous women. Further investigation with highquality trials of maternity care models in the United States is needed to understand how provider practices contribute to the overall cesarean rate and thereby influence acute and long-term outcomes for women and their offspring.
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